Human superoxide dismutase 1 overexpression in motor neurons of Caenorhabditis elegans causes axon guidance defect and neurodegeneration.
Strong evidence indicates that mutant Cu, Zn-superoxide dismutase 1 (SOD1) exerts toxic effect on motor neurons in amyotrophic lateral sclerosis (ALS). However, the nature of mutant SOD1-mediated motor neuron degeneration is poorly understood. To provide new insight into the mechanism by which mutant SOD1 induces motor neuron injury, we developed novel Caenorhabditis elegans models of ALS. Expression of human wild type or G93A SOD1 specifically in motor neurons of C. elegans caused progressive locomotion defect and paralytic phenotype, which recapitulate some characteristic features of ALS including age-dependent motor dysfunction and degeneration of motor neurons associated with SOD1 aggregation. In addition, the motor neuron loss is independent of cell death protein 3 (CED-3)/cell death protein 4 (CED-4) caspase pathway. We also found that before motor neurons began to die in adulthood, axon guidance defect of motor neuron appeared during the development stages. When green fluorescent protein (GFP)-tagged proteins related to axon guidance were examined in motor neurons, a significantly decreased density and number of GFP-tagged puncta were observed in the transgenic worms. Our models mimic axon developmental defect and the adult-onset degeneration of motor neurons in ALS. Using this model, we uncovered the cell-autonomous damage caused by human SOD1 to motor neurons in vivo, and provided a new insight into the developmental defect mechanism that may contribute to motor neuron degeneration in ALS.